The teleosts pituitary gland has a peculiar structure that shows wide variability of its morphology and cellular organization. Moreover, the pituitary gland usually displays seasonal changes during the reproductive cycle. So, the present study is designed to identify and localize the different cell types of the pituitary gland of mature male and female of Liza carinata from the Suez Bay and to study the possible variations that found during its reproductive cycle.
INTRODUCTION
and Khan (1962) distinguished three regions of the pars glandularis of the pituitary gland of Anguilla anguilla and Labeo rohita, respectively, namely: the pro-, meso-and meta-adenohypophyses. Moreover, Ekici and Timiur (2013) stated that the pituitary gland of Cyprinus carpio is composed of a nervous part, the neurohypophysis, and a glandular part, the adenohypophysis. Furthermore, they pointed out that the adenohypophysis is divided into rostral pars distalis, proximal pars distalis and pars intermedia which are arranged in a linear fashion with the rostral pars distalis at the anterior extremity. Furthermore, de Jesus et al. (2014) stated that the adenohypophysis of Salminus brasiliensis is directly innervated by branches of the neurohypophysis. Jose and Sathyanesan (1977) described eight cell types in the adenohypophysis of Labeo rohita. These are two acidophilic types, five basophilic types and a chromophobic one. On the other hand, Sahai (1984) , Munro (1985) and Narayan et al. (1985) distinguished six different cell types in the pituitary gland of Osteobrama cotio, Aequidens pulcher and Mugil cephalus, respectively, namely: the lactotrophs, corticotrophs, melanotrophs, somatotrophs, thyrotrophs and gonadotrophs. Kumari and Dutt (1990) indicated that the gonadotrophs of Puntius sarana attain maximum values (size and number) during the breeding season. In addition, Zohar et al. (2010) stated that the gonadotrophic cells of teleost fishes play critical roles in the regulation of reproductive processes, so the optimal rates of synthesis and secretion of gonadotrophic hormones are necessary for successful gonadal maturation and spawning. Furthermore, Chatterjee and Chakrabarti (2014) stated that the gonadotropic cells of Mystus vittatus form the major component of the proximal pars distalis and exhibit their prominence by having densely stained basophilic cytoplasm during the maturation and spawning phases of testes, while these cells are more or less inactive during the post-spawning phase.
Abou-Seedo and Al-Khatib (1995) stated that the fish species of the family Mugilidae (mullets) are considered as a major food source for the rapidly growing human population. So, they become desirable candidates for fish farming. Despite their economic importance, only limited information is available on their reproduction aspects. Moreover, Abou-Seedo and Dadzie (2004) stated that there is very limited and disparate information on all aspect of the biology and reproduction of L. carinata, in spite of its worldwide commercial importance.
So, the present research is undertaken to clarify the morphological and histological characters of the pituitary gland of the mature male and female L. carinata from the Suez Bay and possible seasonal variations of its cells during the reproductive cycle. Moreover, these data may help in the management of the reproductive process and future aquaculture studies of this species.
MATERIALS AND METHODS

1-The animal:
80 mature specimens of male and female Liza carinata (Valenciennes, 1836), ranging from 14-18 cm as a total length and 31-72 gm as a total body weight, were obtained alive from the gentle fishermen at the Suez Bay of the Red Sea seasonally during two successive years from January 2009 to January 2011.
2-The morphological study:
The specimens of L. carinata were dissected and the ovaries or testes were dissected free, removed out, blotted by a filter paper and the gonads were grossly examined and were placed in the proper stage of maturity, according to the size, shape and colour. Moreover, the brain and the attached pituitary gland of L. carinata were rapidly dissected out of the skull and photographed by the Sony digital camera.
3-The histological study:
The dissected brain with the attached pituitary gland of L. carinata was fixed immediately in a freshly prepared Zenker's formol solution for 24 hours. The materials were dehydrated in ethanol, cleared in the terpineol, embedded in parablast and then were sectioned. The 5-7 µm sections were stained with Heidenhain's azan, according to Rizkalla's modification (1970) . These sections were carefully examined and photomicrographs were made.
4-The ultrastructural studies:
The whole pituitary gland of L. carinata was fixed in cold 3% glutaraldehyde solution in phosphate buffer (pH 7.4) for 2 hours at 4˚C. The materials were then postfixed in 2% osmium tetraoxide (OsO 4 ) for one hour in a dark place at 4˚C. The materials were then dehydrated in an ascending ethanol series ten minutes each, at 4˚C. The materials were then cleared in propylene oxide and infiltrated with and embedded in epoxy resin at 60˚C.
Semithin sections (1 µm thick) were cut with the RMC-MT7 ultramicrotome and stained with toluidine blue. The semithin sections of the pituitary gland were then examined to select the suitable areas for ultrathin sectioning.
Ultrathin sections (600 A˚ thick) were cut and stained with uranyl acetate and lead citrate according to Reynolds (1963) . Finally, the sections were then examined with JOEL 1010 transmission electron microscope at the Regional Center forcords separated by vascular sheets of the neurohypophysial processes. The acidophils (A2) are rounded, ovoid or pyramidal cells with large eccentric nuclei and darkly stained secretory granules. The nuclei are rounded with prominent centrally located nucleoli (Fig. 6) . The long axis of each cell is about 9 µm and the diameter of the nucleus is about 3.6 µm.
According to the staining affinity and location, the acidophils (A2) seem to be the somatotrophs. The generalized picture of these cells shows no significant changes all the year round.
The basophils are the prevailing meso-adenohypophysial cell type and are divided into two types: the basophils (B1) and basophils (B2) . The basophils (B1) are found in the middle region of the meso-adenohypophysis, while the basophils (B2) are found in the peripheral zone of the meso-adenohypophysis (Fig. 7) .
The basophils (B1) are oval, pyramidal or polygonal in shape with large eccentric nuclei (their diameter is about 3.3 µm) that possess prominent centrally located nucleoli (Fig. 8) . The basophils (B1) show pronounced seasonal variations and their cytoplasm shows different stages of granulation and vacuolation.
In the post-spawning season, the basophils (B1) show a weak staining affinity or appear as if they are negatively stained by the azan staining technique. These cells show degranulated and vacuolated cytoplasm (Figs. 7 and 8) . The long axes of these cells are about 7.8 µm. On the other hand, during the pre-spawning season, the basophils (B1) are stained uniformly deep blue; some cells still are faintly stained due to revival of their granular contents (Fig. 9) . The long axes of these cells are about 8.9 µm. Moreover, during the spawning season, the basophils (B1) are uniformly stained blue and are increased in size with the long axes measuring about 10 µm (Fig. 10) .
The basophils (B2) are rounded in shape and possess rounded and centrally located nuclei (Fig. 11 ). The diameter of these cells is about 5 µm and the diameter of their nuclei is about 3.2 µm. The basophils (B2) show no significant seasonal variations.
According to the staining affinity and location, the basophils (B1) and basophils (B2) seem to be the gonadotrophs and thyrotrophs, respectively.
iii-The meta-adenohypophysis:
The meta-adenohypophysis (pars intermedia) occupies the posterior part of the pituitary gland and appears as a convoluted epithelial sac which encloses the neurohypophysis that forms the main core (Figs. 3 and 12) . The metaadenohypophysis consists of the amphiphils (Ml) that are found near the neurohypophysis (Fig. 12 ). These cells are rounded in shape and have rounded centrally located nuclei and faintly stained cytoplasm (Fig. 13 ). The diameter of these cells is about 5.3 µm and the diameter of their nuclei is about 3.3 µm.
According to the staining affinity and location, the amphiphils seem to be the melanotrophs. No apparent seasonal variations are displayed by the metaadenohypophysial cells.
B-The neurohypophysis:
The neurohypophysis (pars nervosa) consists of the nervous tissue that extends ventrally and gives off a few and short processes which penetrate the pro-and mesoadenohypophyses, and it forms a central core of the meta-adenohypophysis (Fig. 3) .
In contrast with the glandular adenohypophysis, the neurohypophysis consists mainly of nerve fibres and contains, especially near the meta-adenohypophysial region, variable amounts of neurosecretory granules ( Fig. 14) which may be regarded as constituting the hormonal secretory product of the hypothalamic neurosecretory system. These neurosecretory granules can be detected in a considerable amount during the pre-spawning and spawning seasons (Figs. 14 and 15), but they are rarely seen in the post-spawning season (Fig. 12 ).
The ultrastructural studies:
In the pituitary gland of L. carinata, there are no apparent seasonal changes in any cell types, except the basophils (B1) (the gonadotrophs) of the mesoadenohypophysis. Therefore, these cells are studied ultrastructurally. The seasonal variations of the basophils (B1) are divided into three phases, namely: the postspawning, pre-spawning and spawning phases.
During the post-spawning phase, many of the basophils (B1) contain prominent and numerous vacuoles of various size that occupying the most of the cytoplasm (Fig.  16) . Furthermore, most of these vacuoles contain fibrillar inclusions. In addition, there are few and small secretory granules with variable electron density (Fig. 17) . The diameter of these granules is about 200 nm. Moreover, the cytoplasm contains rounded nucleus (Fig. 16) , mitochondria with few cristae and the Golgi apparatus (Fig. 17) .
During the pre-spawning phase, the basophils (B1) possess numerous and large secretory granules (Fig. 18) , with a diameter of about 300 nm. The endoplasmic reticulum is either found as long strands that surround the nucleus, (Fig. 19 ), or as numerous wide cisternae that are scattered throughout the cell cytoplasm (Fig. 18) . The small rounded mitochondria are abundant, scattered throughout the cytoplasm and have dense matrix. In addition, the Golgi apparatus lies near the nucleus and consists of few flattened cisternae (Fig. 20) .
During the spawning phase, the basophils (B1) retain the general appearance of the previous phase, but the secretory granules become more numerous and larger. The diameter of these secretory granules is about 370 nm. There are also numerous wide cisternae of endoplasmic reticulum, (Fig. 21) , the Golgi apparatus that lies near the nucleus, and rounded mitochondria that are found between the secretory granules (Fig. 22) .
DISCUSSION
The pituitary gland of L. carinata is a whitish creamy ovoid body that is directly connected to the ventral side of the fore-brain without a distinct hypophyseal stalk. According to the variations exiting in the manner of attachment of the pituitary gland to the brain, the pituitary gland L. carinata is of the platybasic type. These results agree with those of Singh and Sathyanesan (1962) in Ophicephalus punctatus, Rizkalla (1976) in Mugil auratus and Baskaran (1991) in Liza parsia. Moreover, the leptobasic type of the pituitary gland (the pituitary gland is attached to the fore-brain by a distinct hypophyseal stalk) was described by Jafri and Ensor (1980) in Rutilus rutilus, Kumari and Dutt (1990) in Puntius sarana, Cinquetti and Dramis (2006) in Padogobius martensi and Honji et al. (2013) in Salminus hilarii.
The pituitary gland of L. carinata, as in most teleosts, is differentiated into two main divisions, namely: the glandular adenohypophysis and the nervous neurohypophysis. Moreover, the adenohypophysis is further subdivided into three glandular regions, namely: the pro-adenohypophysis, meso-adenohypophysis and meta-adenohypophysis situated in an antero-posterior arrangement. These glandular regions are easily distinguished from each other by their different staining affinities, but their boundaries are confluent and not marked by septa of connective tissue. These results are in agreement with those obtained by Gaber (2000) in Bagrus docmac and Bagrus bayad, El-Zoghby et al. (2008) in Clarias lazera and El- Sakhawy et al. (2011) in Oreochromis niloticus.
The pro-adenohypophysis of L. carinata occupies the most anterior region of the pituitary gland and is characterized by a high constituent of acidophils (A1), the lactotrophs, that aggregate to form masses separated by the neurohypophysial processes. The predominance of acidophils in the pro-adenohypophysis was also reported in Oncorhynchus sp. (Robertson and Wexler, 1962) and in Lates niloticus, Chrysichthys auratus, Malapterurus electricus and Hydrocyon forskalii (El-Dossoky, 1985) . Moreover, in the present study, the acidophils (A1) of the proadenohypophysis show no significant seasonal change. This current result is in agreement with that recorded by Moitra and Sarkar (1976) in Cirrhinus mrigala, Ramadan et al. (1988) in Sparus aurata and Honji et al. (2013) in Salminus hilarii.
The meso-adenohypophysis of L. carinata occupies the middle region of the pituitary gland and contains two types of cells, namely: the acidophils and basophils. The aforementioned observations agree with that of El-Dawi (1990) and Kharat and Khillare (2013) in Schilbe mystus and Nemacheilus mooreh, respectively. The acidophils (A2) of L. carinata are found mainly in the dorsal region and occasionally in middle region of the meso-adenohypophysis, while the basophils (B1) are found in the middle region of the meso-adenohypophysis and the basophils (B2) are found in the peripheral zone of the meso-adenohypophysis. These results are in accordance with those of Lehri (1966) in Clarias batrachus, Rizkalla (1976) in Mugil auratus, and Ramadan et al. (1988) in Sparus aurata.
In L. carinata, the restriction of the acidophils (A2) to the dorsal region of meso-adenohypophysis as multicellular layers bordering the neurohypophysial processes also recorded by El-Gohary (2001) 
in Oreochromis niloticus, Sanchez Cala et al. (2003) in Trachinus draco and Ekici and Timiur (2013) in Cyprinus carpio.
According to the staining affinity and location, the acidophils (A2) in the mesoadenohypophysis of L. carinata seem to be the somatotrophs. A similar result was recorded in Pomatoschistus microps (Ho-Shih, 1979) , in Sparus aurata (Ramadan et al., 1987) and in Padogobius martensi (Cinquetti and Dramis, 2006) . The generalized picture of the acidophils (A2) of L. carinata shows no significant changes all the year round. The aforementioned result is in agreement with that recorded by Scruggs (1951) in Cyprinus carpio and Carassius auratus and Bisht (1975) in Schizothorax richardsonii and Ramadan et al. (1988) in Sparus aurata.
In L. carinata, the basophils are the prevailing meso-adenohypophysial cell type and are distinguished into two types: the basophils (B1), gonadotrophs, and basophils (B2), thyrotrophs. Similar observations were recorded by Sathyanesan (1960) in Mystus seenghala and Barbus stigma, Van Oordt et al. (1987) in Clarias gariepinus and Honji et al. (2013) in Salminus hilarii.
The basophils (B1) of L. carinata show pronounced seasonal variations that run parallel with those in gonads. In addition, during the post-spawning season, the basophils (B1) show a heavy degranulation and a weak affinity or negative staining ability on account of the discharge of their secretory granules. On the other hand, these cells in the pre-spawning season are characterized by restitution of the secretory granules. Moreover, during the spawning season, these cells become heavily loaded with the secretory granules. These findings are in agreement with those reported in Puntius sarana (Kumari and Dutt, 1990) , in Oreochromis niloticus (El-Sakhawy et al., 2011) and in Nemacheilus mooreh (Kharat and Khillare, 2013) .
In L. carinata, the ultrastructure of the basophils (B1), the gonadotrophs, is generally characterized by the presence of secretory granules, endoplasmic reticulum, mitochondria and Golgi apparatus. Moreover, the most striking feature of the basophils (B1), during different reproductive seasons, is the number and size of the secretory granules. These secretory granules are few in number and small in size in the post-spawning season, while they become numerous and larger in both prespawning and spawning seasons. These results are in accordance with those of Peute et al. (1978) in Salmo gairdneri, Ueda and Takahashi, (1980) and Ueda (1981) in Misgurnus anguillicaudatus and Young and Ball (1982) in Poecilia latipinna. Furthermore, during the post-spawning season, the basophils (B1) of L. carinata are characterized by the presence of numerous vacuoles that containing fibrillar inclusions. The aforementioned observation is also described by Bage et al. (1974) in Leuciscus rutilus. In addtion, Parhar et al. (1998) suggested that these vacuoles of the gonadotrophic cells of Thalassoma duperrey are formed by coalesced cisternae of endoplasmic reticulum.
The meta-adenohypophysis of L. carinata occupies the posterior part of gland and appears as a convoluted epithelial sac which encloses the bulk of neurohypophysis. Moreover, the meta-adenohypophysis consists of the amphiphils (Ml), the melanotrophs. Similar observations were reported by Rizkalla and Yoakim (1975) in Synodontis schall. On the other hand, Benjamin (1979) and El-Sakhawy et al. (2011) reported that the meta-adenohypophysis of Crenilabrus melops and Oreochromis niloticus, respectively, is formed mainly of two amphiphilic cell types, namely: melanotrophs and somatolactotrophs. In addition, no apparent seasonal variations are displayed by the meta-adenohypophysial cells of L. carinata. Similar result was reported in S. schall (Rizkalla and Yoakim, 1975) , in Ictalurus punctatus (Massoud, 1982) and in O. niloticus (El-Sakhawy et al., 2011) .
The neurohypophysis of L. carinata is formed of a compact mass of nervous tissue which gives off processes that ramify into all the three regions of the adenohypophysis, especially the meta-adenohypophysis which receives the richest ramifications. These results are in agreement with those of Honji et al. (2013) in Salminus hilarii and Grandi et al. (2014) in Ctenophargngodon idella. But, these results disagree with those of Scruggs (1939) who reported that the neurohypophyseal ramifications of Pseudopleuronectes sp. are confined to the meta-adenohypophysis.
In L. carinata, the neurohypophysis contains, especially near the metaadenohypophyseal region, variable amounts of neurosecretory granules which may be regarded as constituting the hormonal secretory product of the hypothalamic neurosecretory system. Similar findings were recorded by Kamel et al. (1973) in Chrysichthys auratus, Rizkalla and Yoakim (1975) in Synodontis schall and Massoud (1982) in Ictalurus punctatus. Moreover, the neurosecretory granules of L. carinata can be detected in a considerable amount during the pre-spawning and spawning seasons, but they are rarely seen in the post-spawning one. Similar observations are seen in Carassius auratus (Scruggs, 1951) and S. schall (Yoakim, 1971 ). In addition, Ramadan et al. (1988) suggested that these neurosecretory granules of Sparus aurata may be involved in the reproductive process. showing the basophils (B1) with secretory granules and endoplasmic reticulum. showing the basophils (B1) with the secretory granules, nucleus, Golgi apparatus and mitochondria.
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